Recent studies report that students' attitudes toward statistics play an important role in their statistics achievement. The goal of this study was to test the psychometric properties of the Survey of Attitudes Towards Statistics (SATS-28) among undergraduate health science students enrolled in an introductory statistics course. Most students held positive attitudes towards statistics. The average SATS scores were above neutral. Confirmatory factor analysis validated the four-factor structure of the questionnaire (Affect, Cognitive Competence, Value, and Difficulty), albeit with a few modifications. The RMSEA value of 0.065 was below the suggested cutoff of 0.07. Cronbach's alpha for the entire scale was .907, which was well above the recommended cutoff value of 0.7. The study provided evidence for the appropriate metric properties of the SATS-28 as a valid instrument for measuring the statistics attitudes of a sample of first year students at the University of Minnesota Rochester.
INTRODUCTION
The discipline of statistics offers other disciplines a clear and concise set of ideas and tools for analyzing real-life data. The primary goal of most statistics courses is to equip students with basic statistical skills in order for them to appreciate the value of statistics in their professional and personal lives (Reid & Petocz, 2002; van Appel & Durandt, 2018) . A basic understanding of statistical concepts prepares students to understand previous and current research, generate some of their own research, evaluate practices and draw informed conclusions regarding studies that were undertaken. At the undergraduate level, this could mean being able to evaluate empirical evidence in published material.
However, for most students, statistics is seen only as a professional tool rather than a central skill and their statistics education as part of their degree does not set out to prepare them as statistics practitioners. Rather, it helps them to recognize when they would need the help of a statistician (Reid & Petocz, 2002) . Consequently, statistics represents a new way of thinking for most students and is also seen as a somewhat unexpected component of their studies and future professions (Petocz & Reid, 2005) . Most students find the completion of statistics courses as part of their education quite intimidating (Perepiczka, Chandler, & Becerra, 2011) .
The perceptions and attitudes of students regarding statistics might therefore pose some challenges for everyone teaching statistics. Investigating students' attitudes towards statistics might aid statistics teachers 2 / 8 http://www.iejme.com to better prepare and guide students through their statistics education. It can also equip teachers to influence students' perceptions of the role of statistics in their future careers.
Students' level of preparedness to take courses in statistics can be viewed, not only in terms of their mathematical ability but also in terms of affective and attitudinal factors (Finney & Schraw, 2003; Mulhern & Wylie, 2004; Perepiczka, Chandler, & Becerra, 2011) . Students often view statistics as one of the biggest hurdles they face in their undergraduate programs. Research has shown that students' attitudes toward statistics courses include anxiety, cynicism, fear and contempt (Berk & Nanda, 1998; Carnell, 2008; Cushin & Elmore, 2005; Hopkins, Hopkins & Glass, 1996) . Onwuegbuzie (2004) found that as many as 80% of students experience anxiety over learning statistics. Students' attitudes toward statistics may create a major obstacle for effective learning (Mills, 2004; Onwuegbuzie & Seaman, 1995) and as a result, teaching statistics can pose a major instructional challenge to the teacher. In a review of several studies regarding how students learn statistics, Garfield and Ben-Zvi (2007) proposed that teachers need to cultivate more optimistic beliefs about the importance of statistics and statistical literacy. Teachers should also be aware that students come to statistics courses with a range of views concerning their own skill or lack thereof to be successful in the course (Garfield & Ben-Zvi, 2007) . Schau (2003) found that students' attitude toward statistics were positively related to their achievement in statistics. Hilton, Schau and Olsen (2004) noted that there is growing signal to back the belief that students' attitudes toward statistics affects their course enrolment, persistence and achievement in the course. Since students' attitudes toward statistics are critical to their achievement, we must be able to measure them.
Attitude is a multifaceted construct that consists of, cognitive and behavioral components (Perepiczka & Becerra, 1995; Schau, Stevens, Dauphinee, & Del Vecchio, 1995) . Schau et al. (1995) developed an instrument, the Survey of Attitude Toward Statistics (SATS-28 item version), designed to measure attitudes toward statistics based on four components: affect (positive and negative feelings concerning statistics), cognitive competence (students' attitudes about their own intellectual knowledge and skills when applied to statistics), value (attitudes about the usefulness, relevance and worth of statistics in one's personal and professional life) and difficulty (attitudes about the difficulty of statistics as a subject). The SATS-28 item version has been shown to be valid and reliable in various studies and under various settings (Coetzee & Merwe, 2010; Mills, 2004; Schau et al. 1995) . The 28-item version was extended to a 36-item version to include two additional components: interest and effort (Schau 2003) .
Previous research have shown that attitudes toward statistics are related to prior math experience (Brown & Brown, 1995; Onwuegbuzie, 2000; Schau, 2003) , level of statistics course (Waters et al., 1989) , prior statistics experience and GPA (Mills, 2004) . Mills (2004) further reviewed scholarship on the influence of gender on statistics attitude and found that the results were mixed. He found that males were less likely than females to report being scared of statistics and not feeling confident mastering statistical material (Mills, 2004) . Tempelaar, Gijselaers and Van der Loeff (2006) reported that males scored higher on positive affect toward statistics, cognitive competence related to statistics and difficulty of the subject, but scored lower than females on general interest in the subject and the degree of effort they were planning to put into the study of statistics. They did not find any gender differences about the value of statistics for their individual and professional lives. Age was found to be an influencing factor (Onwuegbuzie, DaRos & Ryan, 1997; Onwuegbuzie, 2000) .
The aim of this paper is to determine the validity and reliability of the SATS-28 item version as an instrument to measure attitude toward statistics in a sample of undergraduate health science students.
METHOD Participants
The participants were 119 undergraduate health science students enrolled in a first year statistics course at the University of Minnesota Rochester. The majority of the sample were females (76%) and mostly Caucasian (93%). The average age was 18.25 and the ages ranged from 17 to 27.
The University of Minnesota Rochester is the newest branch within the University of Minnesota system. At University of Minnesota Rochester, faculty and staff seek to inspire innovations in higher education through commitment to teaching excellence and the scholarship of teaching and learning. The educational approach is highly individualized and technology-enhanced. 3 / 8
The course of interest for this study, Math 1161 Introduction to Statistics, is a course that is typically taken by first year students in their fall semester of study. The course typically begins with a broad overview of the entire course, then proceeds to investigate data and data representations while utilizing Microsoft Excel followed by the basics of experimental design, fundamental probability properties including conditional probability and the Normal distribution, theoretical frameworks for statistical inference including the Central Limit Theorem and Law of Large Numbers, and finally concludes with quantitative statistical inference methods.
In delivering the course, the instructional team (which includes experienced faculty and undergraduate academic assistants who had excellent performance in the course the previous year) is highly aware of the student population needs and seeks to support the students in the course as they transition to university life. During class, students are seated in groups and experience cycles of direct instruction and active learning. While engaged in active learning, students work on exercises with nearby group members while members of the instructional team circulate to answer questions and provide feedback to students. Outside of class, students do have homework and studying to complete and frequently visit faculty to get questions answered.
Instrument
The Survey of Attitude Toward Statistics, SATS-28 (Schau, 1995) was used to measure students' attitudes toward statistics. The SATS-28 uses a 7-point Likert scale (1 = strongly disagree, 4 = neither disagree nor agree, 7= strongly agree) which consist of four subscales: Affect, Cognitive Competence, Value and Difficulty. Affect measures what students feel about statistics (e.g. 'I get frustrated going over statistics tests in class'). It comprises six items with internal reliability measures between 0.80 and 0.89. Cognitive competence investigates students' attitudes about their intellectual knowledge and skills when applied to statistics (e.g. 'I understand statistics equations'). It has six items with Cronbach's alpha values ranging from 0.77 to 0.88. Value measures students' perception of how useful statistics is in their personal and professional life (e.g. 'Statistical thinking is not applicable in my life outside my job'). It is measured by nine items with reliability coefficients ranging between 0.74 and 0.90. Difficulty is a measure of students' perception of the difficulty of statistics as a subject (e.g. 'Statistics is a complicated subject'). It is made up of seven items and has reliability coefficients ranging between 0.64 and 0.81. Schau et al. (1995) confirmed the four-factor structure of the 28item version through confirmatory factor analysis. The estimated correlations among the four factors of the 28-item version were significant, except for the correlation between value and difficulty (Schau et al., 1995) .
Statistical Analysis
Confirmatory factor analysis was used to determine the validity of the SATS-28 for the population of undergraduate health science students at the University of Minnesota Rochester. The confirmatory factor analysis was performed using IBM SPSS AMOS version 23 (Arbuckle, 2015) . Following Brown (2014) and Kline (2013) , the following fit indices were reported: The model chi-square (χ 2 ), Steiger-Lind root mean square error of approximation (RMSEA) with the 90% confidence interval, the Bentler comparative fit index (CFI), the standardized root mean square residual (SRMR), and the normed chi-square value (χ 2 / df ).
The model chi-square is an inferential statistic that tests the null hypothesis that the model fits the analyzed covariance matrix. A significant value ( < .05) indicates poor fit. Although the chi-square is an important statistic for understanding model fit, it is sensitive to large sample size and may result in a poor indication of model fit (Kline, 2013) . This sensitivity is minimized by using the normed chi-square. A value of 3 or less can be used as an indicator of model fit when the model chi-square is significant. Following Steiger (2007) as well as Hu and Bentler (1999) , additional criteria for model fit were set as follows: RMSEA < .07, SRMR< .08, CFI > .9, GFI > .9 and SRMR < .08.
A series of confirmatory factor analyses were performed to obtain the best model fit. Maximum likelihood estimation procedures were used. The models were over-identified (number of observed variables > number of parameters) and all variables were scaled. A covariance matrix (not presented in the paper) was used to estimate the model. Cronbach alpha coefficients were determined to indicate the reliability of the sub-factors of the survey.
RESULTS
The SATS-28 questionnaire was administered to 119 first year undergraduate health science students enrolled in an introductory statistics course at the University of Minnesota Rochester. The mean age of the students was 18.25 (range: 17-27 years) and most participants were female (76%) and Caucasian (93%). Most of the participants held positive attitudes towards statistics.
Using the IBM SPSS AMOS Version 23 software, we performed a series of confirmatory factor analyses to obtain the best model fit for our sample. A summary of the fit indices is presented in Table 1 . The baseline model (4-factor structure) resulted in a χ 2 (344, N=119) = 611.97, ≤ .05. The fit indices were not acceptable (Kline, 2010) . The model yielded an RMSEA = 0.078, SRMR =.083, CFI = .82, and normed chi-square =1.78. Using the modification indices, we then modified the baseline model by letting the errors of items 1 and 15 correlate. Item 1 "I will like statistics" and item 15 "I will enjoy taking statistics courses" are both used as indicators of the Affect component. Conceptually, it makes sense to correlate these items since they measure the same construct. We also correlated the error terms of items 7("Statistics should be a required part of my professional training") and 8 ("Statistical skills will make me more employable") and items 23("I can learn statistics") and 24("I understand statistics equations"). Again, both pair of error terms measure the same construct; items 7 and 8 measure Value, and items 23 and 24 measure Cognitive Competence, and both pairs are somewhat similarly worded, so there is conceptual justification for correlating them. The path diagram for the revised 4-factor model is shown in Figure 1 . The revised 4-factor model resulted in a χ 2 (341, N=119) = 528.13, < .05. The fit indices were as follows: RMSEA = 0.065, SRMR =.079 , CFI = .88, and normed chi-square =1.55. These results are obviously a big improvement over the baseline model. The Chi-square statistic, while still not significant, has dropped from 611.97 to 524.13. The difference Chi-square test is Δ χ 2 (3 ) = 7.82. The RMESA and the SRMR values are both below the recommended cutoff values of .07 and .08 respectively. While the CFI value is still below the .9 threshold, it is quite close and a noticeable improvement over that of the baseline model. 
DISCUSSION
This study sought to investigate the psychometric properties of Schau's (1995) SATS-28 instrument among a sample of undergraduate health science students enrolled in introductory statistics at the University of Minnesota Rochester. Means and standard deviations of the SATS-28 components, shown in Table 3 , were comparable to previous studies (Cashin, 2005; Chiesi & Primi, 2009; Schau, 1995) . The SATS-28 components' means were neutral or above, implying positive student attitudes towards statistics. The overall findings of the study provide evidence for the validity and reliability of the SATS-28 item for the sample of undergraduate health science students. Confirmatory factor analysis validated the modified version of the four-factor structure of the questionnaire where error terms of items 1 and 15, 23 and 24, and 7 and 8 were allowed to correlate. Based on the pre-established fit indices thresholds, only the modified four-factor model can be considered acceptable. The four factors were significantly correlated, with the strongest correlation emerging between Affect and Cognitive Competence (.95). This is consistent with findings from previous studies (Chiesi & Primi, 2009; Persson, Kraus, Hansson, & Wallentin, 2019; Tremblay, Gardner, & Heipel, 2000; Zhang et al., 2012) . The SATS-28 showed good internal consistency, the Cronbach's alpha was 0.907 for the overall scale, similar to other versions (Schau, 1995) . Internal consistency coefficients for Affect, Cognitive Competence, Value, and Difficulty were .873, .866, .903, and .716 respectively. This finding is consistent with those obtained in other validation studies. Schau (1995) reported that Cronbach's alpha values ranged from 0.80 to 0.89 for Affect, from 0.77 to 0.90 for Cognitive Competence, from 0.74 to 0.91 for Value, and from 0.64 to 0.86 for Difficulty.
Limitations of the Study
As stated earlier, a convenience sample of undergraduate students enrolled in a health science program was recruited for this study; thus, due to the nature of the population, there was a disproportionate number of females and Caucasian students in the sample. Therefore the sample was not as diverse as one would expect. Also, the analysis was based on self-reported data which can promote bias. Therefore, this study cannot be generalized to other samples with different demographics. 
CONCLUSION
The present study provided evidence for the appropriate metric properties of the SATS-28. Confirmatory factor analysis validated the four-factor structure of the scale. Good indices for both validity and reliability were obtained. The results confirmed the psychometric characteristics of the questionnaire observed in other student populations. The overall finding is that SATS-28 might be a reliable and a valid instrument for identifying undergraduate health science student attitudes towards statistics.
Recommendations
Future studies should expand the investigations into statistics attitude predictor variables that includes previous statistics experience and other factors to predict students' course grades in the statistics course. Also, future research should include much broader demographics of undergraduate students that represent various races, ethnicities, age groups, etc. Finally, future studies should address classroom and counselling based intervention to help reduce students' statistics anxiety.
